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Highly compact microlasers integrated on silicon, emitting in the 1.3-1.6 µm range are
important building blocks for future photonic integrated circuits that could be developed for
applications such as optical interconnects. In-plane emission and low threshold are desired for these
devices, to be compatible with dense photonic integration. To achieve this goal, structures such as
microdisks [1-2] and 2D photonic crystal (PC) cavities [3] are currently developed. They can be
exploited, with the benefit of small volume and high optical confinement. For the 1.3-1.6 µm
wavelength range, they are based on InP and related materials.

In this paper, we will report on the feasibility of such InP laser micro-sources integrated on a
silicon wafer. The basic integration procedure includes wafer scale InP transfer onto silicon via
hydrophilic SiO2-SiO2 bonding [5] and conventional nanofabrication technologies.

Both InGaAs/InP quantum wells (QW) and self-organized InAs/InP quantum wires (QWi)
heterostructures were transferred, in order to compare the effect of carrier confinement mode on light
emission. The lateral optical confinement is provided either by a microdisk-like structure or by a 2D
PC cavity. Vertical light confinement is achieved by the SiO2 layers that surround the InP based
heterostructure. This is an attractive alternative to air cladding in terms of thermal sinking and
mechanical stability. The heterostructure itself is 250 nm thick and is therefore a monomode slab
waveguide.

We have demonstrated CW room temperature operation on a 6µm diameter microdisk-like
structure that includes 3 QW, under optical pumping (see fig 1 and 2). The emission wavelength is 1.6
µm and the effective threshold is around 850 µW. PC cavities are realized in a 2D triangular lattice of
holes, where a few holes were omitted (figure 3). With a 550 nm lattice period and a 0.5 surface air
filling factor, a photonic bandgap between 1.2 and 1.8 µm is achievable. As a preliminar result,
spontaneous emission was measured and spectrally analyzed.

In summary, the integration of InP-based micro-lasers on a silicon wafer is demonstrated with a
microdisk-like structure that comprises a Multi-QW. We are currently attempting to generate laser
emission using 2D CP microcavities. We are also attempting to generate stimulated emission in
devices containing a self-organized QWi heterostructure.
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Fig 1: Schematic view (a) and scanning electron micrography (b) of the microdisk structure on Silicon
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Fig 2: PL spectra of a 6 µm diameter microdisk structure above and below threshold

         

Fig 3: Scanning electron micrographs of 2D PC microcavities
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